IMPOEKT

Enunsiii rocynapcrsensslii 3x3amen no ®U3NKE

Komudukarop
3IIEMEHTOB COZIEPKaHHA U TPEOOBAaHUH K YPOBHIO ITOJTOTOBKU
BBIITYCKHUKOB 00pa30BaTeIbHbBIX OPraHU3aLuil U1 MPOBEICHHS
€IMHOI0 TOCYIapCTBEHHOT'0 9K3aMeHa 10 (hu3uKe

TIOJAIOTOBJICH d)ez[epam)HLIM TOCYyAapCTBCHHBIM 6}OI[)KCTHI)IM
Hay4YHBIM YYPCIKICHUEM

«DEJIEPAJIbHBIN UIHCTUTY T IEJATOT' MYECKMX U3MEPEHHI»

DU3UKA, 11 knacc 2
Konuduxarop
3J1eMEeHTOB CO/IePKAHMSA U TPeOOBAHUIi K YPOBHIO MOATO0TOBKH BbINYCKHUKOB
o0pa3oBaTeIbHBIX OPraHU3ALUIA JJIsl IPOBEIEHUS €IHHOTO FOCYyAAPCTBEHHOTO
sk3amena no PU3UKE

Koaudukarop 31eMeHTOB coaepkaHusi Mo (U3MKe U TpeOOBaHUI K YPOBHIO
MOJATOTOBKM  BBHIMMYCKHUKOB 00pa30BaTelbHBIX OpPraHU3alMidi Ui  TPOBEICHUS
eqMHOro rocynapcrBeHHoro sk3amena (EI'D) sBnsercs onHUM U3 JTOKYMEHTOB,
ONPENENAIONINX ~ CTPYKTYPY W COJCpKAaHHE KOHTPOJBHBIX  H3MEPUTEIBHBIX
matepuanoB (KMIM) ET3. On cocraBieH Ha ocHoBe dDenepanbHOr0 KOMIIOHEHTA
TOCYIAapCTBEHHBIX CTaHIAPTOB OCHOBHOTO OOMIEro M cpeaHero (MOJIHOTo) oOIIero
obpa3oBannss 1o ¢m3uke (0a30BBII W TpodMIBHBIA  ypoBHHM) (TIpHKa3
Muno6pazoBanus Poccun ot 05.03.2004 Ne 1089).

Pazgean 1. IlepeyeHb 371eMeHTOB CO/iepKaHMs, IPOBEPsieMbIX HA eAHHOM
rocy1apcTBeHHOM JK3aMeHe Mo pu3nKe
B nmepBom cTonbue ykasaH KOA pasjiena, KOTOPOMY COOTBETCTBYIOT KPYIHBIE
6noku coaepkanus. Bo BropoM cromnlrie mpruBeAeH KO dJIEMEHTa COAepPIKaHHs, IS
KOTOPOTO CO3Jaf0TCsI IPOBEPOUHbIE 3a1aHus. KpyIHbIe OJOKH comepixKaHus pa3OHUTHI
Ha 0oJiee MEJKHE HICMEHTHI.

Kon
KOHTPO
Kon JIpYy-
Pa3- | avoro DJIeMeHTHI CO/iep:KaHu,
i (B [ nposepsiemble 3axanusivMu KUM
Ta
1 MEXAHHKA

1.1 | KHHEMATHKA

1.1.1 | Mexanuueckoe aBm:keHne. OTHOCUTEIBHOCTh MEXaHUYECKOTO
nBwxkenus. Cucrema orcuera

1.1.2 | MarepuanbHasi TOUKa.

Ee panuyc-Bekrop:

F(e)=(x(0), y(1),2(r)),
TpaeKTOpHsI,

epeMeIeHue:

AF =7 (ty)-7(t,) = (Ax,Ay,Az),
Ty Th.

CrnoxxeHue nepeMenieHui:

A7 = A7, + Ar,

TPaeKTOpHs

<v
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1.1.3

CKOpOCTh MaTEPHUATLHON TOUKHU:
5= AF
At
_Ax =x,, aHanornyo v =y, ', v_=z/
X_Al R y_yl’ z T “t
At—0

Crnoxenne ckopocteit: U, =, + U,

— ! =
=r, —(Ux,‘l)y,l)z),
At—0

<

Brraucnenue nepeMenieHus o rpaduKy 3aBUCHMOCTH V(¢)

OU3UKA, 11 knacc

1.1.8

JIBI>KEHHE TOUKHU TI0 OKPYKHOCTH.
JIunelinas u yrioBasi CKOPOCTh TOYKHA COOTBETCTBEHHO: U = OR,

2
w:—n:2nv.

2
v 2
L{eHTpOCTPEMHUTENBHOE YCKOPEHUE TOUKH: d ), = R o R

VY ckopeHue MaTepUanbHON TOUKH:

AD .,
== =0 :(a a a)
t x’ 9 z b
At {550 7
a _AY, =(v, ) ', asanornuno a, =(v
x A - x /¢ y y s
t
At—0

a:

1.1.9

TBep;:[oe TEJI10. HOCTyHaTCJ'H)HOC 1 BpallaTCJIbHOC ABHKCHUC
TBEpAOro Tejaa

1.2

JIMHAMUKA

1.2.1

Wnepnuanbhele cuctembl orcuera. Ilepsblii 3akon HbroToHa.
ITpunnun otHocuresnbHOCTH [anunes

PaBHOMEpHOE NPSIMOIMHEHHOE IBUXKEHHE:
x(t)=xy + 0yt
v, (t)=v,, =const

1.2.2

m
Macca Tena. [InmoTHOCTE BeniecTBa: p = ;

123

Cuna. [IpuHIHMN cynepno3uuuu cui: F, paswonciicrs = Fi+F,+..

PaBHO}’CKOpCHHOC HpﬂMOJ’[PIHefIHOC JABHKCHUC!
2

a
xX(t)=xy + 0yt + "2

V(D) =0, +at
a, =const

2 2
vy, =2a,(x;-x))

1.2.4

Bropoii 3axon Hetorona: juig MarepuanbHoil Touku B ICO
F=md; Ap=FAt npu F =const

1.2.5

Tpermit 3akoH HsioToHa I ——0—

MaTepHabHBIX TOUEK: F|, = —F), F, F,

CB0o0OOIHOE TIaJIEHUE. v,
VckopeHue CBOGOHOTO U,
najaeHus. JIBuxeHue tena,
OPOIICHHOTO TIO YTJIOM 0. Yo A
K TOPH30HTY:

x(t)=xy + 0y, t=x,+V,cosa-t

2 2
_ gt : gt
y(®) =y, +voyt+T—y0 +vosm(x-t—7

v.(t)=v,, =V, cosa
v, (1) =0, + g, =V,sina—gt

g,=0
g,=-8= const

1.2.6

3aKOH BCEMHPHOTO TATOTCHUS: CHIIBI TPUTSDKEHUS MEXITy
mm
TOUEYHBIMH MaccaMu  F = G——2
R
Cuna TsbKeCTH. 3aBHCUMOCTE CHUJIBI TSKECTH OT BBICOTHI /1 HaJ
MTOBEPXHOCTHIO TUIAHETHI PAIHyCcOM Ro:
GMm

mg=———
7Ry + )

1.2.7

JIBIoKeHHE HEOECHBIX Te M HMX HCKYCCTBEHHBIX CITYTHHKOB.
IMepBasi KOCMUYECKAst CKOPOCTb:

GM
Ve =+ &Ry = R_o

BTopa;{ KOCMHUYECCKasi CKOPOCTh:

2GM
DZK =\/EUIK = RO

1.2.8

Cwuna ynpyrocTu. 3akoH I'yka: F = —kx

© 2020 denepanbHas ciyx6a 1o Haa30py B chepe 00pa3oBaHUs M HAyKU

1.2.9

Cuna tpenusi. Cyxoe TpeHHe.
Cuna TpeHust CKONbKeHus: F, = uN

Cuna TpeHust MOKOSL: F,, < UN

Koa¢durment Tpenus

© 2020 denepanbHas ciyxba 10 Haa30py B cdhepe 0Opa3oBaHUs M HAYKU




OU3UKA, 11 xmacc 5 OU3UKA, 11 xmacc
1.2.10 . F
Hasnenne: p = 5 1.4.7 | lloTeHIMAaNbHAS SHEPTHSL:
13 CTATHUKA AU MOTCHIHAIBHBIX CHII AIZ = El noremy E2 noten _AEHOTCHH
13.1 | MOMEHT CHIIBI OTHOCHTENBHO OCH [ToTteHumanbHas 3HEpPTUs Tella B OJHOPOIHOM TI0JI€ TSKECTH:
BpalllCHUA: 0! EnoTcHIl = mgh
M = FI, tne [ — nnedo cuisl F [MoTeHnuanpHas SHEPTUs yIPYTo JTehOPMUPOBAHHOTO Tela:
o = 2
OTHOCHUTEJIBHO OCH, IPOXOAsIIEH uepes F E _ kx
TouKy O IEePHEHIUKYIIPHO PUCYHKY )
1.3.2 | YcnoBus paBHOBecus TBepaoro tena B UCO: 1.4.8 | 3aKOH U3MEHEHHS U COXPAHEHUSI MEXAHUUECKOH SHEPIHHU:
M1+M2 +...=0 EMCX=EKPIH+EHOTEHH’
ﬁ'l + ﬁz +...=0 B CO AEMex = ABcex HEIOTEHL]. CUII ?
1.3.3 3akoH ITackans 8 ICO AEMex = 0’ €CIIn ABccx HeroTeHIL, cHn 0
1.3.4 | JaBnenue B xuakocty, nokosimetics B UCO: p = p, +pgh 1.5 | MEXAHUYECKUE KOJIEBAHUX U BOJIHbBI
- F __»p 1.5.1 | I'apmonuueckue konebanus. AMIUIUTYJa U Ga3a KoJieOaHH.
1.3.5 | 3akon Apxumena: Fy, = =P, e » p ynau
HCO. 10 F v Kunematunueckoe onucanue:
€CJIM TeJIO U KHUJIKOCTh ITOKOSITCA B = .
it ’ Apx pg BBITECH. X(t) = ASII’I((Df + (P() )’
YcnoBue nuaBaHus TENI v (H)=x/
1.4 | 34KOHbhI COXPAHEHUA B MEXAHUKE * Ne ! ' = ot
1.4.1 | Mmysbc MaTepUaNbHOM TOUYKU: P = mD a,()=(0,)' ==0"x().
1.4.2 | IMIynbC CHCTEMBI TEI: P = P, + D, +... FuEamMEseckoe oanaHI/;e:
1.4.3 | 3aK0OH U3MEHEHHS U COXPAaHEHUS UMITyJIbCa! ma , =k, TA€ k =mw
N _F P DHepreTuuecKkoe ONrcaHne (3aKOH COXpaHEHHUs] MEXaHUYECKON
BUCO 85 = A(py + Py + )= Flyoun AL+ Frpon AL+ p cexoe om mvz( coxp
B UCO AP=A(p,+ P, +...)=0, ectu F,, o + Fappeu ++-- =0 dHEpHM): ot == Twe = T = const
1.4.4 Pa6oia CHJIBL: Ha MAJIOM IIEpEMEIICHUH . CBs13b aMIUTUTY /Il KOJIEOAHUN UCXOIHOM BEITMYNHBI C
A= ‘F ‘ : ‘AV ‘ -cos o= F, - Ax aAﬂ F aMILTUTY1aMH KOJIeOaHHi €€ CKOPOCTH U YCKOPEHUSI:
v
vmax = wA > amax = ('l)zA
. 1.5.2 2n 1
1.4.5 | Mom#ocTh CHITBI: F ITepuon u yactoTa Konebanmit: 7 =—— =—
AA o Vv
=— =F-v-cosa - o
At | a0 U IMepron ™anbix CBOOOAHBIX KOJIEOAHWH MaTeMaTHYECKOTO
v - [1
1.4.6 KI/IHeTI/ItIeCZKaSI 3Hzepr1/m MaTepHUaIbHON TOUKH: MasgTauKa: T =27 |—
g _mv__p g
KHE T 5 T ot [leprox cBOOOAHBIX KOJEOAaHWU MNPYKUHHOTO MasTHHUKA:
3aK0oH U3MEHEHUS! KHHETHYECKOI SHEPTUU CUCTEMBI 7—om M
MmarepuaibHbix Touek: B UCO AE,, =4 + 4, +... =T
1.5.3 | BemyxaeHnblie koneOanus. Pe3onanc. PesonancHas kpusas
1.5.4 | Ilonepeunsle u IIPOJOJIBHBIE BOJIHBIL. CkopocTtb
pacrpocTpaHeHHs U JUIiHa BOJHBL: A =0T = v
v
HuTtepdepennus u fudpaxnus BOIH
1.5.5 | 3Byk. CkopocTb 3ByKa
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2 MOJIEKYJIAPHAA ®U3HKA. TEPMO/JHHAMHKA
2.1 | MOJIEKYJIAPHAA ©®HU3UKA
2.1.1 | Mopnenu cTpoeHus Ta30B, XKUIKOCTEH U TBEPABIX TEI
2.1.2 | TerioBoe NBUKEHHE aTOMOB M MOJIEKYJI BEIIECTBA
2.1.3 | BzaumopeicTBHE YacTull BELIECTBA
2.1.4 | Anddysus. BpoyHoBCKOE NBIXKEHHE
2.1.5 | Mopens upeanbHoro raza B MKT: uvactuupl rasa aBuxyTtcs
Xa0THYECKH M HE B3aHMOIEHCTBYIOT APYT C APYTOM
2.1.6 | CBsA3p Mexay JaBiICHHEM U CpeAHeld KHHETHYeCKOM sHeprueu
MOCTYTIATENEHOTO TEIUIOBOTO ABMKEHHS MOJEKYT HJCaNTbHOTO
raza (ocHoBHOe ypaBHeHHe MKT):
1 = 2 (mp*) 2 —
=—mpw’==n|—"—|=n-¢
p=3m, 3 ( ) 37 Eoer
2.1.7 | AbcomoTHas Temneparypa: T =¢°+273K
2.1.8 | CBs3p Temmeparypbl raza CO CpeIHEH KHHETHYECKOW 3Hepruei
HOCTYTIATENIFHOTO TEIUIOBOTO JBIDKCHIS €T0 YaCTHII:
o 2
euocr = M = E kT
2 2
2.1.9 | YpaBuenue p =nkT
2.1.10 | Mopnenb nuaeansHOTro ra3a B TEPMOAMHAMUKE:
VYpaBuenue Mengeneepa — Knanelipona
BripakeHne 17151 BHYyTpEHHEH SHEPTUH
VYpaBuenue MenaeneeBa — Knaneiipona (mpumeHuMbIe (HOPMBI
3aI1CH):
RT
pV =" RT =vRT = NkT, p=P""
1)
Belpaxxenue i1 BHYTPEHHEH  OSHEPrUM  OJHOATOMHOIO
HIeaIbHOTO ra3a (MpUMeHIMBIe (GOPMEI 3aITHCH):
3 3 3m 3
U==VRT==NkT ==—RT =ve T ==pV
2 2 21 vi TP
2.1.11 | 3akon HanbTOHa /715 IaBJICHUS CMECH Pa3pPEIKEHHBIX Ia30B:
P=pitpyt..
2.1.12 | M3onpouecchl B Pa3pesKEHHOM TIa3e C IOCTOSHHBIM YHCIOM

gacTuil N (C TOCTOSHHBIM KOJINYECTBOM BEIIECTBA V):
nzorepma (7= const): pV = const,
n3oxopa (V= const): = const ,

= const

NS NI

n3obapa (p = const):

I'padmueckoe mpeacraBaeHne u3onpoeccos Ha pV-, pT-u V-
JuarpaMmax

2.1.13 | HacblmieHHble U©  HeHachllleHHble mapbl. KadecTBeHHas
3aBUCHMOCTh IUIOTHOCTH M [JaBJIEHHMS HACBHILIEHHOTO Hapa OT
TEeMIepaTypsl, UX HE3aBUCHUMOCTh OT 00BEMa HACBIIIEHHOTO
napa

2.1.14 | BnaxxHocTb BO3ayXa.

OTHOCHUTEINbHAS BIAXKHOCTB: @ = Prape () __ Pum ()
pHaCBIlLl. napa (T) p Hacelll. napa (T)

2.1.15 | I3MeHeHne arperaTHbIX COCTOSIHMM BeEIeCTBAa: HCIIApeHUE U
KOHJICHCAIIHsI, KUTICHUE KHUJIKOCTH

2.1.16 | I3MeHeHue arperaTHbIX COCTOSIHMN BEIECTBA: IUIABJICHUE W
KpHUCTAJIM3ALUS

2.1.17 | TlpeoOpa3zoBanue sHepruu B pa3oBbIX mepexoax

2.2 | TEPMO/IMHAMHIKA

2.2.1 | TennoBoe paBHOBECHE U TEMIIEPATYypa

2.2.2 | BHYTpeHHss SHEeprus

2.2.3 | Terutonepenada Kak coco0 W3MEHEHHS BHYTPEHHEH >HEpTuu
6e3 coBepiieHuss paGoThl. KOHBEKLMs, TEMIONPOBOIHOCTS,
W3TyYeHHUEe

2.2.4 | KomnuecTBO TEIIOTHI.

VY nenpHas TEII0EMKOCTD BemiectBa ¢: Q = cmAT

2.2.5 | YnenpHas TemioTa napoodpazoBanus . Q = rm
VY enbHas TEIUIoTa IUIaBJICHUSA A: Q = Am
VY ienbHas TETIoTa CropaHust TOIUMBa ¢: Q = gm

2.2.6 |DOnemeHTtapHas pabora B  TepMomuMHamHKe: A= pAV
Brruncienue paboTsl 1o rpaduky npoiiecca Ha p V-auarpamMme

2.2.7 | IlepBblii 3aKOH TEPMOJIMHAMHKH:

0, =AU, + 4y, =(U, —U) )+ 4,
Anuabara:
0,=0= 4,=U,-U,
2.2.8 | Bropoii 3ak0H TepMOJMHAMHKH, HEOOPaTUMOCTD
2.2.9 | Ilpunnune! neicTBus TeruioBbix MamuH. KIT/:
— A:;a R _ QHarp - ‘onn‘ -1— ‘onn‘
Quarp Quarp Qnalp

2.2.10 | Makcumanbroe 3HaueHue KI1/1. Hukn Kapuo

max M ="My = T; Doy ITF
Harp Harp
2.2.11 | YpaBHenue TemnoBoro 6ananca: Q, +Q, +Q; +...=0
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3

IJIEKTPOJUHAMHUKA

3.1

OJIEKTPUYECKOE IIOJIE

3.1.1

DNEeKTpU3alus Tell M €€ MPOSBICHHS. DJICKTPUYCCKHNA 3apsil.
JIBa Buza 3apsina. DiIeMEHTapHBII AJIEKTPUYECKUN 3apsai. 3aKoH
COXpaHEHUs! NEKTPUUYECKOTO 3apsiia

B3aumogpeiictBue 3apanoB. Toueunsle 3apsnbl. 3akoH Kynona:

ARA. ,‘%H‘h‘

r? 4me, r?

F=k

3.13

3.14

SHGKTpI/I‘{CCKOG noje. Ero nelictBue Ha QJICKTPUICCKHUC 3apsabl

P F
Hal'[pi[)KCHHOCTL AICKTPUYECKOro noJisl: E =

qnpoﬁﬂmﬁ

ITone Toyeunoro 3apana: £, = k% )
p

oJIHOpOMIHOE ToNe: E = const
KapTunb! TUHUN 3TUX TOJIEeH

IToTeHunaNbHOCTD IIEKTPOCTATUYECKOrO MO,
Pa3zHocTh MOTEHLIMANIOB U HALIPSKCHHUE.
4, =q(9, —9,)=—qAo=qU
[loTeHnmanbHas 3Heprus 3apsja B JIEKTPOCTATHYECKOM IMOJIE:
W=q0
w
IToreHuua 3J€KTPOCTATUYECKOTrO MOJIS: ()= —
q
CBs3p HANpPSDKEHHOCTH MONA M PAa3sHOCTH IOTEHIWANOB IS
OJHOPOJHOT'O 3JCKTPOCTATHICCKOTO NOJIs: U = Ed

[IpuHLMT Cyneprno3uIK ANEKTPUUECKUX TTOJIEH:
E=E +E,+..., 9=¢,+¢,+...

[IpoBomHUKH B VYcnosue
paBHOBECHs 3aps0B: BHYTPH NPOBOAHMKA £ =0, BHyTpH U Ha

IIOBEPXHOCTH IIPOBOJIHUKA @ = const

QJICKTPOCTATHICCKOM moJie.

JuanexTpuku B 3J€KTpOCTaTUdeckoM mojie. JuanekTpuueckas
IIPOHUIIAEMOCTh BELIECTBA €

Kownpercarop. DrekrpoeMKocTh KoHeHcaropa: C = %

gg,S
OneKTPOEMKOCTb IJIOCKOro KoHpeHcaropa: C = =eC
d 0

3.1.10

HapaﬂnenLHoe COCIMHCHUE KOHICHCATOPOB:

g=q,+q,+.... Uy =U,=..., Cruppy =C, +C + ..
[TocnenoBaTenbHOE COCTUHEHUE KOHICHCATOPOB:
1 1 1
U=U+U,+..., ¢1=¢,=..., =—+— ..
Cnocn Cl CZ

DOU3UKA, 11 knacc
3111 gU _CU* _¢°
OHeprus 3apsKEHHOTO KOHeHcaTopa: W, = ST, The
3.2 | 34KOHBI [IOCTOAHHOI' O TOKA
3.2.1 A .
Cuna toka: [ =~ . lHocrostauselit TOK: [ = const
{ At—0
Jl1s MOCTOSIHHOTO TOKA g = [t
3.2.2 | YcnoBus CylecTBOBaHUS AJIEKTPUUECKOrO TOKA.
Hanpsoxenne Un OJ1C €
323 U
3akon Oma 11 y4yacTka nenu: [ = E
3.2.4 | DnexTpuyecKoe COMpPOTUBICHHE. 3aBHCUMOCTb COIPOTHUBIICHUS
OJTHOPOJIHOTO TPOBOJHKUKA OT €ro JUTMHBI U CeUCHHs. Y AeTbHOES
COIPOTHBJICHUE BelIecTBa: R = pg
3.2.5 | Ucrounuku Toka. OJIC W BHYTpEeHHEE COINPOTUBIICHUE
ACTOPOHHHX cunl
HCTOYHHKA TOKA: & =——————
q
32.6 |3akon Owma gud TONHOH  (3aMKHYTOM)
anmekrpuaeckoi uemu: E=IR+1Ir, otkyma &’ R
_ £
R+r
3.2.7 | [lapamienbHO€ COEMHEHUE POBOJHUKOB:
1 1 1
I=l+1,+..,U =U,=..., =—t—t...
Rnaparm R] RZ
[ocnenoBaTenbHOE COEAMHEHUE MPOBOJHUKOB!
U=U,+U,+..., I, =1, =..., Ry, =R +Ry+...
3.2.8 | Pabora anekrpuueckoro toka: 4 = [Ut
3akon Jlxoyns — Jlenna: O = I*Rt
329 AA
MoITHOCTB 3JIEKTPUYECKOT0 TOKA: P = —| =JU
t At—0
TerioBasi MOITHOCTH, BBIAEISIEMAsi HA PE3UCTOPE:
U2
P=I’R=-—
R
A14CT. cul
MouHOCTs HCTOYHMKA TOKA: Pg = A =&l
At—0
3.2.10 | CBOOOHBIE HOCUTENH JIEKTPUYECKUX 3apsI0B B MPOBOAHHUKAX.

MexaHu3Mbl IPOBOJUMOCTH TBEPIBIX METAJIOB, PAaCTBOPOB U
pacIiaBoB 3JIEKTPOJIUTOB, ra3os. IMonynpoBoaHuKy.
[ToaynpoBOAHUKOBBIHM qHOA
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3.3 | MATHUTHOE IIOJIE

3.3.1 | Mexann4eckoe B3aMMOAEWCTBHME MAarHuToB. MarHutHoe IoJe.
Bekrop MarHuTHOW WHAYKOWH. [IpHHIMI —CYyNEpHO3HIIUH
MarHuTHeIX noneil: B =B, + B, +... . JIuHUM MarHUTHOTO
nosst. KapTuna nuHui mosis mojgocoBoro M MoAKOBOOOPa3HOro
MOCTOSIHHBIX MarHUTOB

3.3.2 |Omeir Opcrena. MarHutHoe I0jJ€ IPOBOJHMKA C TOKOM.
Kaptuna nuHHMHA m[ons [UIMHHOTO NPSMOIO IPOBOJHHMKA H
3aMKHYTOT'O KOJIbIIEBOTO MPOBOAHUKA, KATYIIKH C TOKOM

3.3.3 | Cuna Ammepa, ee HaIrIpaBJIeHUE U BEIMYUHA:
F, =IBlsina., rae o — yroja Mex/1y HalpaBjieHHeM
IPOBOJIHUKA M BEKTOPOM B

3.3.4 | Cuna JlopeHua, €€ HalIpaBIeHUE U BEIUUUHA:
FJ'lop = |q|vB sina, Te o — yroj Mexay BekTopamu U U B.
JIBIOKeHHE 3apsKEHHON YacTHUIIBI B OTHOPOJIHOM MarHUTHOM
noJje

3.4 | QJIEKTPOMATI'HUTHAA MHAYKLHA

3.4.1 |Ilotok BEKTOpa MarHUTHOM
uHAykuuu: @ = B, S = BS cos o

3.4.2 | SIBnenue >aeKTpoMarHuTHOM uuaykuuu. JC unayKIMu

3.4.3 | 3akoH >nekTpoMarHuTHON uHAykuuu apanes:

__Ao ,
i~ A7 - t
' At | a0

3.4.4 | BJIC uHAYKIMY B IPSIMOM TIPOBOJHUKE JUTMHOM [, TBHKYIIEMCS
CO CKOPOCTBIO U (17 11 ) B O/IHOPOJHOM MarHHTHOM
nosne B: |€[ | = Blvsina, e o — yroi Mexay BeKTOpaMH Bu
D:eciul LB u 518,10 |Si|=Blv

3.4.5 | [Ipasuio Jlenua

3.4.6 )
WHpykTUBHOCTE: L = 7’ wm ¢ = L1

Al ,
Camounnyxuus. 9J1C camoungykuuu: &, =—L— =-LI',
At At—=0
34.7 LI?

OHeprus MarHUTHOI'O N0JIS KaTyIIKU ¢ TOKOM: W, = —
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3.5

OJIEKTPOMAI'HUTHBIE KOJIEEAHNUA U BOJIHBI

3.5.1

Kone6arenpHbrit KOHTYP. CBobonHBIE
3JIEKTPOMATHUTHBIE KOJeOauus B uneanbHom O L
Kos1e0aTeIbHOM KOHTYpE:

q(t) = qmax Sln((l)t + (pO)
[(t):qt, = wqmax Cos(mt+(p0):]max COS((Dt+(pO)
21 1
Do a Tomcona: T =21y LC, OTKyJa O =— = ——
pMyII MCOH N TKY T T Jic

CBSI3b aMILTUTY/IBI 3apsi/ia KOHJIEHCATOPA C AMILIUTYA0H CHUJIIBI

[mur
TOKa B KOJIEOATEIbHOM KOHTYpE: ¢, = —2%

352

3aKOH COXpaHEHHs HEPTUH B KOJIeOaTeNbHOM KOHTYpE:!
cu? LI’ _CcU;. L.

_ max

+ = const
2 2 2

353

BeIHY)IeHHBIE 3IIEKTPOMAarHUTHBIEC Koiebanus. PezoHanc

354

[Tepemennsiii Tok. [Ipon3BOACTBO, mepenavya u NoTpeOIcHUE
IEKTPUUECKOU 3HEPIUU

355

CBoiicTBa 2JIEKTPOMArHUTHBIX BOJH. B3anMHas opueHTammst
BEKTOPOB B AJIEKTPOMATHUTHON BOJIHE B BaKyyMe: E L B 1 &

3.5.6

[lxama SJIEKTPOMArHUTHBIX BOJIH. [Ipumenenue
JJIEKTPOMATHUTHBIX BOJH B TEXHUKE U OBITY

3.6

OIITHUKA

3.6.1

ITpsimonuHEiiHOE pacIpoCTpaHEHUE CBETA B OJHOPOJHOMN cpenie.
JIyu cBera

3.6.2

3aKOoHBI OTpa>XCHHUA CBCTA.

3.6.3

IMoctpoenue H300pakeHNH B INIOCKOM 3epKayie

3.64

3aKOHBI IIPEJIOMJIEHHS CBETA.
I[Ipenomienue cBeta: 1, sino. = n, sinf3

. c
AGCOTIOTHBIN MTOKa3aTeIb IPEOMIICHUS: Ny, = —
v

N n, v

OTHOCHTENBHBIN MMOKa3aTeNb MPEIOMIICHUS: N, = —= =—-
n] UZ

Xop mydel B MpU3Me.

CoOTHOIIEHHE YaCTOT U JUTMH BOJIH IIPH MEpexoie

MOHOXpPOMAaTHYECKOI'O CBETa Yepe3 IPaHmIly pasjelia AByX

ONTHYECKUX CPEN: V, =V,, mA, =n,A,

3.6.5

[NonHoe BHYTpeHHEE OTpaXKEeHHE.
[IpenenbHbI yron noaHOro
BHYTPEHHETO OTPaKEHUSI:

. 1 n,
sino,, =——=—= Oy

Mo n

n

n
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3.6.6 | Cobuparoniie M paccedBarollie JIMH3bI. TOHKas JIMH3A.
@DOKyCHOE paccTOSHHE M OINTHYECKas CHUjla TOHKOM JIMH3BI:
p="'

F

3.6.7 | ®opmyiia TOHKOU JTHMH3BI: d
11
d f F H F
VBenuueHue, qaBaeMoe

. Bt F h
JJUH30U. [[= — =L f
H d

3.6.8 | Xon sryya, NpOLIEAIIETO JIMH3Y IO IPOU3BOJIbHBIM YIJIOM K €€
rinaBHOI onTuyeckoil ocu. IloctpoeHue u3o0pakeHUH TOUKH U
OTpe3Ka MPSIMOI B COOMPAIOIIMX U PACCEMBAIOLINX JIMH3AX U UX
cUcTeMax

3.6.9 | ®oroanmapar kak onTHueckuid npubop. a3 kak onTuueckas
cucremMa

3.6.10 | UnTepdepenuns cBeta. KorepeHTHbIE WCTOYHHMKH. Y CIIOBHUS
HaOJIoieHHs MaKCHMYyMOB u MUHHMYMOB B
UHTEpGEPECHIIMOHHON ~ KapTHHE  OT  JIBYX  CHH(Aa3HBIX
KOTE€PEHTHBIX UCTOYHUKOB
MaKCHMYMBI: A=2m%, m=0,x1,£2,+3,...

A
MHHHMYMBI A=(2m+1)5,m=0,il,i2,i3,...

3.6.11 | Iudppakmusa csera. JudpaknmoHHAs pemieTka. Y CIOBHE
HaOJIIOICHHS TJIaBHBIX MaKCHMYMOB IIPH HOPMaJIBEHOM IaJICHUH
MOHOXPOMAaTHUYECKOI'0 CBETA C AJMHOM BOJIHBI A Ha PELIETKY C
nepuonom d: dsin@, =mh, m=0,£1,+2,£3 ...

3.6.12 | ducnepcus cBeTa

4 | OCHOBBI CIIEITHAJTBHOH TEOPHH OTHOCHTEJIBHOCTH
4.1 | lHBapHaHTHOCTHh MOJYJISI CKOPOCTH CBETa B BaKkyyMme. [IpuHnum
OTHOCUTEIBHOCTU DHHIITEIHA
4.2 OHeprusi CBOOOIHOM YacTHIBL: E = me’ .
1-2
C2
Wmmnynbsc yacTunpl: p = mv -
-2
C
4.3 | CBs13b MacChl ¥ SHEPTUU CBOOOJHON YaCTHUIIBL:
E* - (pc)2 = (mc2 )2
DHeprus MoKos CBOOOIHON YaCTULBL: £, = mc >
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5 KBAHTOBAA ®U3HKA U SJIEMEHTbBI ACTPODPH3HKH
5.1 | KOPIIYCKYJISIPHO-BOJTHOBOU JIVAJTU3M
5.1.1 | T'unmote3a M. I1nanka o kBantax. ®opmyina [Tnanka: E =hv
312 @otonbl. DHeprus potona: £ =hv = % = pc
Nmmnynbec GoTtoHa: p = £ = v = h
c ¢ A
5.1.3 | ®oroaddekrt. Onbitel A.I'. CTonerosa. 3akoHbl poTodrdhdekra
5.1.4 | YpaBHenue DitHmTeitna 1 poroaddexra:
E dotona ABmxo,:la + Er max
he he
rﬂe E 0TOHA = hv = > ABLIXO a = hVK =5 >
A 8 P Moo
By =T = e,
2
5.1.5 | BoxnoBsle cBoiicTBa yactull. Boxasl ge bpoiimns.
Jnuna BonHbl e Bpoiins neuxkymieics yacTuipl: A = % = %
KopmyckynsapHo-BoHOBOH fyamm3M. J{udpakmust 351eKTpoHOB
Ha KpHUCTaJUIaX
5.1.6 | JaBnenue cera. JlaBjaeHue cBETa Ha MOJHOCTHIO OTPAKAIOIIYIO
MTOBEPXHOCTB M Ha TIOJIHOCTHIO MOTJIOMIAIONTYIO TOBEPXHOCTD
5.2 | QU3UKA ATOMA
5.2.1 |IlnanerapHas MOAeNb aToMa
5.2.2 | Hocrynarsel bopa. M3nyuyenue u noriomieHue GOTOHOB MPH
mepexo/ie aToMa ¢ OJHOTO YPOBHS DHEPTUH Ha JPYTOM:
hv,, = he _ |E, —E,|
}\’mn
5.2.3 | JluneiiuaTble CIEKTPBHIL.
CrexTp ypoBHEH SHEprur aToMa BOZOPOa:
—-13,63B
E, =%, n=1,2,3,..
524 | Jlazep
5.3 | QU3UKA ATOMHOI' O AJIPA
5.3.1 | Hyknonnas mogens siapa [eiizenOepra — IBaHeHko. 3apsin
siapa. MaccoBoe uncio sapa. M3oronst
5.3.2 | DHeprusi CBsI3U HYKJIOHOB B sifpe. S aepHble CHIIBI
5.3.3 | Jledext maccrisinpa 5X: Am=Z -m, +(4=Z)-m, —m,,,

© 2020 denepanbHas ciyxba 1o Haa30py B chepe 0Opa3oBaHUs M HAYKU




15

OU3UKA, 11 xnacc
5.3.4 | PagnoakTuBHOCTS.
Anbda-pacnan: 5 X—%5Y + jHe
Bera-pacniaj. DieKTpoHHbIH B-pacnan: 4 X—, MY + Je+V,
Hosurpounsiii B-pacnan: 5X—, Y + V¢ +v,
['amma-u3nydeHue
t
5.3.5 | 3aKOH paguOaKTUBHOTO pacrnana: N (t) =N,-27T
5.3.6 | Snepuble peakuuu. JleneHne U CUHTES sAEp
5.4 | DJIEMEHTHI ACTPOOU3UKHU
5.4.1 | ConHeyHast cucTema: IUIAHETHl 3€MHOM TIpYIIbl U IIJIAHETHI-
TUraHThl, Masble Tesa ConHeuHOH CUCTEMBI
5.4.2 | 3Be3apl: pa3HoOOpa3We 3BE3IHBIX XAPAaKTEPUCTUK W HX
3aKOHOMEPHOCTHU. VICTOUHUKU 3HEPruM 3Be3]
5.4.3 | CoBpeMeHHbIE TIPEICTABICHUS O MPOUCXOKICHUHA U IBOJIOIII
CouHnia u 3Be31
54.4 |Hama Tanakruka. [lpyrue ramakruku. IIpocTtpaHcTBeHHbIE
MacmTadbl HabmoxaeMoi Beenennoi
5.4.5 | CoBpeMeHHBbIE B3IISIBI HA CTPOCHHE U HBOIONUIO Beenennoit

H

Pa3nen 2. Ilepeyens TpeGoBaHMii K YPOBHIO NOATOTOBKH, IPOBEPIEeMOMY

a €AMHOM IroCy1apCTB€HHOM IK3aMeEHe 110 qmzmce

TpeOOBaHMs

Kon

TpebGoBaHUS K YPOBHIO IIOATOTOBKH BBITYCKHUKOB, OCBOCHHE
KOTOpBIX nposepsiercs Ha ET'D

1

3namuv/Ilonumame:

CMBICT (PM3UYECKUX TOHATHI

CMBICJI q)I/I3I/I‘-IeCKI/IX BCJINYNH

CMBICJI (1)I/IS’I/I‘ICCKI/IX 3aKOHOB, IPUHIHUIIOB, TIOCTYJIATOB

Ymems:

2.1

OIIUCHIBATh M OOBSICHSITH:

2.1.1

(I)I/I3I/I‘ICCKI/IG SIBJICHMA, (1)I/I3I/I‘ICCKI/IG SIBJICHHS M CBOMCTBA TCII

2.1.2

PE3YIbTATHI OKCIICPUMEHTOB

2.2

OINKCHIBATh (yHIaMeHTanbHbIe OIIBITHI,
CYIIECTBEHHOE BIMSHHE HA Pa3BUTHE (PUHKH

OKa3aBIIKE

2.3

HPUBOJMTH NPUMEPBI MPAKTHYECKOTO IPUMEHEHMsT (PH3NUECKUX
3HaHMI, 3aKOHOB (DU3UKHU

2.4

ompeneNaTh XapakTep (U3NYecKoro mporecca MO rpaduky,
tabnune, (GopMmyre; MPOAYKTHI SNEPHBIX pEaKIuil Ha OCHOBE
3aKOHOB COXPAaHEHMs HJIEKTPUUECKOr0 3apsia U MaCcCOBOTO uucia
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2.5

2.5.1

OTIMYaTh TUIOTE3bl OT HAay4YHBIX TEOPUH; JeNaTh BBIBOABI Ha
OCHOBE JKCIICPMMEHTAJbHBIX JaHHbIX; IPUBOJUTH IPUMEPHI,
MOKA3bIBAIOIIME, YTO: HAOMIOJCHUS U AKCICPHMEHT SBIISIOTCS
OCHOBOH Ul BBLABWKCHUS THUIOTE€3 U TEOPUH M IO3BOJIIOT
MPOBEPUTHh HCTHHHOCTH TEOPETHYECKUX BBIBOJOB, (hH3MUECKast
Teopusi IaeT BO3MOXHOCTb OOBSICHATH M3BECTHBIC SIBICHUS
HIPUPOJIBI U HaydHBIE (DAKTHI, MPEACKA3BIBATE CIIe HEH3BECTHBIC
SIBIICHUS;

252

IPUBOJIUTE  IPUMEPBl  ONBITOB, WIIIOCTPUPYIOIIUX,  YTO:
HaOJIFOIeHNS U SKCIIEPUMEHT CIIy’KaT OCHOBOIl AJISI BBIABMKCHUS
TUIIOTE€3 M IOCTPOEHUs HAYYHBIX TEOpPHUH; SKCHEPUMEHT
[I03BOJIAET TPOBEPUTh HCTUHHOCTb TEOPETHYECKUX BBIBOJIOB,;
¢busndeckas TeopHs JaeT BO3MOXHOCTb OOBSCHATH SIBICHUS
HOpUPOIBI M HAy4HBIC (AaKTH; (U3HIECKas TEOPHS IO3BOJISCT
MPEe/ICKa3hIBATh eIlle HEW3BECTHHIC SBJICHUS M MX OCOOCHHOCTH;
Ipu  OOBSICHEHMHM  IPUPOAHBIX  SIBICHUH  HCIIOJB3YIOTCS
¢bu3ndyecKkne MOAENH; OAUH U TOT K€ MPUPOJHBIH OOBEKT HIIH
SIBIICHHE MOXHO HCCJIEJ0BaTh HA OCHOBE UCIIOIb30BaHUS Pa3HbIX
Mojenei; 3aKOHBI (QM3UKA M (U3HMYECKHE TCOPHH HUMEIOT CBOU
OIIpe/IEJIEHHBIE TPAHULIBI IPUMEHUMOCTH

253

M3MEPATh (U3UYUSCKHE BEIHYUHBI, TNPEICTABISATH PE3yIbTaThI
U3MEPEHHH C Y4eTOM UX IOTPEITHOCTEH

2.6

NPUMCHATH IMOJYYCHHBIC 3HAaHUSA [UIA PCUHICHUA (1)I/I3I/I'-ICCKI/IX
3axa4

Hcnonv3oeamov npuobpemenHvle 3HAHUA U YMEHUA 6 NPAKMUYECKOI

0eaAmenbHOCMU U NOGCEOHEBHOU HCUHU OJ1A:

3.1

obecriedeHUsT OE30MACHOCTH JKMU3HEIEATCTBHOCTH B IIporecce
UCTIONb30BAHUS TPaHCHIOPTHBIX CpEJCTB, OBITOBBIX
3NIEKTPOIPHOOPOB, CPEACTB PagHO- U TEICKOMMYHHKAI[HOHHON
CBSI3M; OLCHKM BINSHUS Ha OPraHM3M dYeJoBeKa M IpyrHe
OpPraHU3MBbI 3arps3HEHUs] OKPY>KaIOIIEH Cpelbl; PaluOHAILHOIO
PUPOIOIOIB30BAHUS U OXPaHBI OKPYIKAIOIIEH CpeIbl

32

omnpeneNieHus: COOCTBEHHOM MO3HITUY MO OTHOIICHHUIO K
9KOJIOTHYECKUM MPOoOIeMaM U MOBEICHUIO B IPHPOAHON cpefe
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